An approximate solution to the swept wing root constraint problem by Howe, D.
1 	 ! 	 111 1 	 ill 	 I 3 8006 10058 6273 
REPORT NO. 93, 
FEBRuARy,1956  
THE COLLEGE 	 OF AERONAUTICS  
CRANFIELD  
;n approximate solution to the Swupt Wing Root 
Constraint problem 
-by- 
D. Howe.  
SIM=  
This report presents an approximate solution to the 
problem associated with the root constraint in a swept wing. 
The structure considered is a uniform rectangular 
single cell box having closely spaced rigid ribs. Approxi-
mate allouance is made for the effect of boom area at the spar-
skin joints. 
The stress distribution in the skin is represented 
by a polynomial in the chordwise ordinate, oblique coordinate 
notation being used. The final equations are derived by use 
of the theory of minimum strain energy. 
Comparison with experimental results has indicated 
that the theory gives a satisfactory estimation of the con-
straint effects, and especially the influence of the spar 
booms. 
Consideration of the validity of the boom approxi-
mation shows it to be justified in two particular instances 
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The root constraint problem of a swept box is complex. 
Based on the oblique coordinate theory of Hemp (ref. 1), the 
solution presented is an approximate one for the case of c 
unif.tt rectangular swept box having closely spaced rigid. ribs. 
The type of solution, which is a strain energy 
analysis, has been used by Hemp (ref. 2) for a box having zero 
boom area. In this report an approximate extension to cover 
the case of discrete booms is given. 
2. Description of Box  
The box is shown in Fig. 1. The notation used is 
that of Ref. 1. Skin reinforcement is by stringers and ribs 
which are both assumed to be distributed and contribute to the 
skin thickness. The spar webs are capable of carrying only 
shear loads, and are of unequal thickness. The spar booms 
are of equal area. The root end is built in. 
3. Theory - Initial _os.umptions  
It is assumed that the skin spanwise direct stress 
resultant T1 , can be expressed as a polynomial in the 
chorawise ordinate, y. Terms containing powers of y greater 
than two are considered to be negligible. The skin chordwise 
direct stress resultant, T2, is assumed to be zero, shear 
equilibrium being maintained by the ribs. 
Stress Distribution  
T1 = C1(x) + 2C2  (x) 	 + 303(x) 
T2 = 0 
where C1  (x)" C2  (x) and C3(x) are arbitrary functions of x. 
1 + 3 S Since for equilibrium ;- a
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since d x = Z. 
The spar boom load:- Tw 
 EA(exx)y_c  
T= EA(e ) 
1 	 70C y=-c 
and since exx = A1 1 T1  + 1.13S (see Ref. 1):- 
, 





1 EA  + (S) y=c 
	
y=-c 
ET= A f 	 _ - (T1)y=-c + 	 f(S)y=0  (S) y-c 	 y=-4 
EA Ali Writing p = 
y  = 
and substituting from Equation (8):- 
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Equation (10) reveals the coupling between 
which is a function of sweep (A13) and boom area (A). 
the presence of this coupling tern has the effect of 
the order of the final equations, and 	 y will be 
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The strain energy in the spar webss- 
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The strain energy in the spar booms:- 
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The strain energy in the ribs is zero as the ribs are considered 
to be rigid. 
Since, by the Principle of Minimum Strain Energy, a 
small arbitrary increase in the stress resultants and internal 
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where y = 0.60. 
These examples thus indicate that Equation (11) also 
holds for relatively large y, and in fact good agreement with 
experimentally derived results was obtained in these cases 
(ref. 3),  
Unswept Case  
Appendix 2 §2 shows that in the unswept case, all 
coupling terms between C2  and C3  of Equation (13) are zero. 
The equation for C2  is thus explicit and gives torsion cor-
straint plus the effect of unequal webs. The equation for C_ 
gives shear lag effect. 
Thus the method is of value in considering the effect 
of the distribution of end load carrying capacity in unswept 
boxes. 
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APPENDIX 2  
Special Cases  
1. Boom area zero. 
i.e. w = X = 1 
Y = 0 
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